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(54) Name of invention: Special kind of unsaturated polyester 
molding compound and manufacturing method of same 
(57) Abstract: 

The special kind of unsaturated polyester molding 
compound and manufacturing method of same which are set forth 
in this invention employ a specially made solid terephthalic acid- 
type IP resin, allocated with a heterocyclic dual-bond cross-linking 
agent, hollow microbeads, fiber material, a peroxide initiator with a 
half life of 1 minute and a decomposition temperature of > 170°C, 
a filler, a releasing agent, a coloring agent, and the like, which 
undergo the processes of mixing and plasticization, formation into 
pellets (slab stock), and the like, to be formed into the special 
unsaturated polyester molding compound of this invention. This 
invention has advantageous arcing resistance, a high degree of heat 
resistance, radiation resistance, and a long shelf-life at room 
temperature; the features of stable product dimensions and long use 
life make it suitable for use in parts, arc shields, anti-radiation 
devices, hulls, and the like applications for aviation, space, vessels, 
automobiles, and electronic equipment, and the like. 
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Claims 



A special kind of unsaturated polyester molding compound and manufacturing method of same, 
formed by means of raw materials composed of specially made crystallized solid terephthalic acid-type 
unsaturated resin, an accelerator, and modified material that undergo the three processes of mixing, 
plasticizing, and the production of pellets (slab stock), is characterized in that: 

1. The crystallized fully solid terephthalic acid-type UP resin used in the composition and having 
an acid value of < 25 mg KOH/g is from between 5 to 70% of the composition (ratio of weight to area, 
same below); the accelerator used in the composition and comprising a dual-bond heterocyclic cross- 
linking agent is from between 0.1 to 10% of the composition; a peroxide initiator having a half life of 1 
minute and a decomposition temperature of > 170°C is from between 0.01 to 5% of the composition; 
granules with good flow properties, a high degree of heat resistance, excellent dielectric properties, and 
having < 40% unbroken granules at a hydrostatic pressure of 10 MPa are from between 0 to 50% of the 
composition; alkali-free fiberglass, polyimide-type fiber, terylene fiber, boron fiber, and the like 
reinforcing materials, fiberglass cloth made of the said fiber, or high tensile strength steel wire containing 
lead or steel wire cloth having a diameter of < 100 UM is from between 5 to 70% of the composition; 
methyl butenoic acid lead, polyimide-type resin, fluoroplastic, amino plastic, or the like modified material 
is from between 0 to 50% of the composition; an aromatic halide-type flame retardant, inorganic flame 
retardant, or an imide or cyanamide halide-containing flame retardant is from between 10 to 50% of the 
composition; a fatty acid-type or metal soap-type silicon oil-type releasing agent is from between 0.1 to 
3% of the composition; a coloring agent is from between 0 to 0.1% of the composition; and talcum 
powder, CaCo 3 , or the like inorganic filler is from between 10 to 60% of the composition. The raw 
materials are measured and compounded in accordance with the above requirements, mixed at a 
temperature of < 80°C, plasticized at a temperature range lower than 20°C, the decomposition 
temperature at which the hardener that is being used has a half life of 10 hours, and a molding compound 
in pellets or a molding compound in slabs is produced. 
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Description 



Special kind of unsaturated polyester molding compound and manufacturing method of same 

This invention pertains to a special kind of unsaturated polyester molding compound and 
manufacturing method of same. 

In the past, unsaturated polyester molding compounds primarily employed liquid unsaturated 
polyester together with fiberglass, inorganic filler, an alkene-type or propionic acid-type monomer linking 
agent, an initiator, a releasing agent, a coloring agent, and the like raw materials, which were blended or 
milled and pulverized to form a paste and fiberglass press molding compound (PMC), sheet molding 
compound (SMC), bulk molding compound (BMC), or granular material, and the like, which have been 
widely used in aviation, vessels, automobiles, electronic equipment, machine bed electrical equipment, 
and the like areas. Their energy-saving and anti-clustering effects have attracted attention; however 
existing unsaturated polyester molding compounds still exhibit such disadvantages as having a narrow 
applicable range with respect to forming and manufacturing, poor usage organization, high specific 
gravity, relatively poor dielectric properties and arcing resistance, unstable dimensions, relatively poor 
heat [resistance], short [use] life, and the like. For example, Japanese patent "Authorized publication (B2) 
H2-38086 Thermosetting resin forming compound," which employs a liquid unsaturated polyester resin 
and an alkene-type cross-linking agent, hollow microbeads, fiberglass, filler, and the like, which are 
plasticized and formed into slabs or logs of forming compound using an extruder, is only suitable for 
compression molding or plunger-driven injection forming compound, having a short shelf-life and a 
narrow applicable scope; also, for example, the VYLOGLAS UP product series manufactured by the 
(Japan) Toshiba Chemical Product Company, a BMC to which fiberglass has been added and that is only 
suitable for die-casting, plunger-driven injection molding, and forming by means of a turning screw using 
AP 301BG material, has a high specific gravity (from 2 to 2.1 g/cm 3 ), low arcing resistance, poor impact 
strength, and a high rate of contraction during forming; also, for example, UP- 100 dry type unsaturated 
polyester molding compound produced by Guilin Electronic Scientific Research Institute, which is in 
powdered form, and, as everyone knows, powdered compound is difficult to feed when using turning 
screw injection molding and has to be added and stirred by hand, using a small spoon, and hence is not 
suitable for automated mass production, and moreover products made therefrom have a high specific 
gravity, a high rate of contraction, poor heat resistance, and average electrical performance; and so, to 
sum up, existing unsaturated polyester molding compounds have a single function, narrow applicable 
scope, poor technical indexes, and involve relatively simple production methods. 

The goal of the present invention is to provide the public with a special kind of unsaturated 
polyester molding compound and manufacturing method of same that overcomes the disadvantages of the 
abovementioned unsaturated polyester molding compounds and manufacturing methods and that has 
excellent special characteristics, light specific gravity, excellent forming and manufacturing performance, 
and a long shelf-life. 
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[illegible] 

The present invention is realized by means' of the following plan: 

In order to solve the problems associated with existing unsaturated polyester molding compounds 
and manufacturing methods, the present inventor has performed many years of research and, through the 
rational selection and production of raw materials for synthesizing unsaturated polyester, has combined 
the unsaturated polyester (UP) produced thereby with an optimally selected cross-linking agent, initiator, 
reinforcing filler, hollow microbeads, flame retardant, modified material, releasing agent, coloring agent, 
and the like raw materials, and, using an advanced, improved method, has mixed and plasticized these 
materials and formed granules (slab stock), forming a special unsaturated polyester molding compound. 
For a schematic diagram of the production process, see Figure 1. 

The unsaturated polyester resin used in this invention, a solid terephthalic acid-type unsaturated 
polyester, employs purified terephthalic acid (PTA), dimethyl terephthalate (DMT), 1 ,4-butanediol (BD), 
maleic anhydride (MA), bis-2-hydroxyethyl terephthalate (BHET), bis-2-hydroxybutyl terephthalate, and 
the like raw materials; and is formed through the coordination of a zinc acetate or acetic acid catalyst; 
Sb 2 0 3 or [Ti(OC 4 H 9 )] as a polymerization inhibitor; hydroquinone with a substituted [p-phenylphenol] or 
substituted hydrazine ring; and the like raw materials. See figure drawing for manufacturing process flow 
chart; that is, this invention uses PTA and EG or DMT and EG (BD) to perform esterification or an ester- 
exchange reaction, and the bis-2-hydroxyethyl terephthalate or bis-2-hydroxybutyl terephthalate and the 
MA generated by the reaction undergo polycondensation in the presence of the polymerization inhibiting 
agent, thereby forming solid UP. The foregoing processes for producing UP are performed under special 
technical conditions (see Figure 1). Obviously, the molecules of the solid UP resin manufactured using 
the abovementioned raw materials contain aromatic cores with excellent symmetry at the para position, 
therefore ensuring that the special unsaturated polyester molding compound of the present invention has 
excellent chemical stability and heat resistance. 

The UP resin produced in this invention is pulverized to form granules of from 0.1 to 1000 um 
and is mixed with one or several of the following specially chosen accelerators or modified materials. For 
the allocated amounts, see Table 2. 

Cross-linking agent: maleimide, M-type monomer, melamine, triallyl cyanurate, polyamide-amic 
acid, low molecular weight polyimide, polyamic acid, phenyl maleimide, N,N'-meta-phenylene-bis- 
maleimide, N,N'-ethylene-bis-maleimide, diallyl phthalate, methyl butenoic acid lead. The heterocyclic 
double bonds in these compounds endow the special unsaturated polyester molding compound of the 
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present invention with special properties, namely, the special unsaturated polyester molding compound 
has increased heat resistance and strength,*and improved chemical resistance, radiation resistance, and 
durability. 

Blending of reinforcing material: alkali-free fiberglass, polyimide fiberglass, polyacrylonitrile- 
based carbon fiber, polytrifluorochloroethylene fiber, alumina fiber, terylene fiber, fire-retardant terylene 
fiber, boron fiber, glass microbeads, and fiberglass cloth from the foregoing fiber. High tensile strength 
steel wire and steel wire cloth containing lead and having a diameter of [< 100 UM]. 

Blending of modified material: polytetrafluoroethylene, fluoroplastic 40 poly-bis-maleimide, 
polyimide, melamine formaldehyde molding powder, polyester-imide, polyphenyl ether, polyphenyl, 
polyamide-imide, and polyetherimide. 

Filler: the properties required for hollow microbeads: at a hydrostatic pressure of 10 MPa/ cm 2 , 
the percentage (by volume) of unbroken granules is < 40%; true specific gravity is 0.15 to 0.70 
grams/cm 3 ; average granule diameter is from 30 to 80 microns; surfaces are smooth; and heat resistance 
and electrical insulation properties are excellent. Primarily, hollow glass microbeads, hollow ceramic 
microbeads, and the like, and hollow microbeads that meet the above performance requirements are used. 
Other fillers that are used in association therewith: lightweight calcium carbonate, talcum powder, CaSo 4 , 
and BaSo 4 clay. 

Flame retardant: aluminum hydroxide, polytetrafluoroethylene, tetrabromo-bisphenol A glycidyl 
ether, zinc borate, hexabromobenzene, antimony trioxide, tetrabromo-bisphenol A, tris (2,3 - 
dibromopropyl) isocyanurate, bis-tetrabromo-phthalimide, tetrabromo-bisphenol A (2,3 - dibromopropyl) 
ether, dibromomethyl glycidyl ether, benzoguanamine, tetrabromo-bisphenol A (allyl) ether, and 1,2-bis- 
(2,4 -tribromophenoxy)ethane. 

Initiator (hardener): dicumyl peroxide, cumyl hydroperoxide, 2,2-bis(tert-butylperoxy)diisopropyl 
benzene, 2,5-dimethyl-2,5(tert-butylperoxy)hexane, tert-butyl-hydroperoxide. 

Releasing agent: zinc stearate, lead stearate, fatty acid amide, organic silicon oil. 

Coloring agent: titanium white, oily black, iron red macromolecular pigments. 

After the foregoing raw materials are allocated properly, production is performed at a temperature 
range less than 20°C, such that the half-life of the initiator that is used is 10 hours, and in accordance with 
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the technical conditions stipulated in Table 3 and the special unsaturated polyester molding compound 
production process flowchart. 

The beneficial effects of this invention are: 

The special kind of unsaturated polyester molding compound produced in this invention has the 
following amazing properties that previous kinds of unsaturated polyester molding compound have lacked: 

1 . The sizes of granules in granular raw material are mutually close, and almost no powder is 
present. The granules do not stick to each other. Slab stock is a solid slab. 

2. Shelf-life stability is over 15 months (at 24°C). 

3. Excellent injection molding (turning screw) manufacturing performance. Granules flow 
smoothly when charged into feed funnel and can be used for compression molding or transfer molding 
manufacturing. 

4. Chemical properties extremely stable. Higher resistance to acid, alkali, oil and grease, and 
solvents than existing unsaturated polyester molding compounds. 

5. Excellent arcing resistance (> 180 to 280 seconds), dielectric strength high, excellent electrical 
insulator. 

6. Low rate of heat transfer, high degree of resistance to heat and humidity, long use life. 

7. Has excellent capacity to resist radiation. 

8. Specific gravity relatively light (0.8 to 1.8 g/cm 3 ), excellent mechanical strength. 

9. Inexpensive, unusually good performance. 

The special properties possessed by the special unsaturated polyester molding compound of this 
invention endow the series of products made therefrom and including insulating materials, temperature- 
preserving fire-resistant materials, anti-radiation materials, materials for durable coverings, arc shield 
components, hulls, and the like, in the fields of aviation, space, automobiles, vessels, and mechanical and 
electrical equipment fields, with excellent energy-saving effects. 

Embodiment 1 : 

1,4-butanediol (BD), dimethyl terephthalate (DMT), maleic anhydride (MA), are allocated in a 
BD : DMT : MA molar ratio of 2.2 : 1 : 2. First, BD and 
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DMT, in accordance with the allocation ratio, undergo ester exchange reaction in the batch vessel or the 
continuous reaction vessel at from 160 to 210°C. The byproducts methanol and tetrahydrofuran are 
distilled away. When the amounts distilled away reach from 86 to 90% of the theoretical amounts thereof, 
the reaction is stopped. The bis-2-hydroxybutyl terephthalate that is generated thereby is pumped into a 
polycondensation reaction vessel that has been charged with MA weighed out in accordance with the 
allocation amounts and reacted under the protection of N 2 gas, at a vessel temperature of from 180 to 
210°C and with the temperature at the top of the reaction equipment ranging from 160 to 190°C, for 1.5 to 
2.5 hours; and then is added to a quantity of the polymerization inhibitor hydroquinone equal to 0.002% 
(by weight-area ratio) of the reactant and reacted at 210 to 250°C at a pressure of 133 Pa for from 4 to 6 
hours; then the temperature is reduced to less than 230°C, vacuum-pressurized to from 7 to 10 kPa, and 
reacted for from 0.8 to 1 .2 hours; then the pressure is reduced to from 4 to 7 kPa and reaction is continued 
for from 0.4 to 0.8 hours; then pressure is reduced to from 1 to 4 kPa and reaction is continued for from 
0.2 to [0.5] hours; and finally the pressure is reduced to from 0.1 to 1 kPa and reaction is continued for 
from 0.1 to 0.5 hours. When acid value reaches 15 mg KOH/g, the melted UP is drawn off at a 
temperature of under 200°C, cooled, and the crystalline, completely solid UP resin used in this invention 
is obtained. During the reaction process, the BD and the small quantity of tetrahydrofuran that are boiled 
off are recovered through the recovery system. 

The UP that has been prepared in the said manner is blended with from 0 to 10% talcum powder, 
pulverized to form a powder of from 0.1 to 1000 urn, and then, in accordance with each of the 
formulations given in Table 4, using the German LEISTRTT[2] Corporation's ZSE series dual turning- 
screw planetary-geared pelletizer plasticizer-extruder unit or a similar dual turning-screw pelletizer- 
extruder unit, mixing and plasticizing are performed at a temperature range of < 105°C, and strand 
extrusion and hot cutting pelletizing yield the special kind of unsaturated polyester molding compound of 
this invention, in the form of a pelletized compound. 

Embodiment 2: 

PTA : EG : MA are measured out at a molar ratio of 1 : 2.1 : 2, and the continuous 
polyesterification polycondensation method is used to produce UP resin. For technical conditions that 
apply to the reaction, see Table 5. 

The UP resin that is obtained in accordance with the foregoing conditions is continuously sent to 
the slab stock production line where it is formed into slabs of solid fiberglass cloth molding compound. 

The UP resin obtained in the foregoing manner can also be continuously sent to be cooled and 
pulverized to form grains of from 0.1 to 1000 urn. Then the UP resin powder can be formed into pellets 
using the method of Embodiment 1 . 

Embodiment 3: 

UP resin powder is produced in accordance with Embodiment 1 or 2, respectively. The UP resin 
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powder is weighed out in coordination with each of the respective embodiment formulations in Table 3. 
First, the powder and liquid activator and modified'material are charged into a high-speed mixer and are 
mixed at a temperature of < 80°C for between 2 to 5 minutes, after which alkali-free short fiberglass is 
added and mixed for between 2 to 5 minutes, and the thoroughly mixed material is charged into a 
batchwise screw feeder. At a fixed time and in a fixed amount, the screw feeder feeds the material into a 
dual roller mill; the material is milled at from 90 to 100°C for between 8 to 10 minutes, and then the 
material is discharged. The material in band form is formed into slab stock or, by means of a cutter, is 
formed into square pellets. 
Embodiment 4: 

The pellet stock obtained in the foregoing embodiment is modeled in a thermoset injection molding 
machine. The injection molding technical parameters are: 

Feed cylinder temperature: 40 to 70°C (feed input [side]) 70 to 95°C (spray nozzle side) 

Mold temperature: 170 to 220°C 

Injection pressure: 5 to 8 MPa 

Back pressure: 0.5 to 1 MPa 

Turning screw rotating speed: 60 to 80 rpm 

Time: injection forming: 1 to 5 minutes; after mold release, curing at 180 to 250°C for 0.2 to 20 hours. 

In accordance with GB1 141-78, test sample's arcing resistance is from 1 80 to 280 seconds. 

In accordance with GB1 140-78, test electrical insulation: electrical insulation is from 10 9 to 10 17 (Q). 

In accordance with GB 1636-79, test sample's density: density is 0.8 to 1 .8 g/cm 3 . 

Flammability: UL94 V-O level 

In accordance with GB 1634-79, test that sample's heat deformation temperature is > 200°C. 

Figure 1: Special unsaturated polyester molding compound production process flowchart. 
Figure 2: Solid terephthalate-type UP resin production process schematic diagram. 
Figure 3: Special unsaturated polyester molding compound production process flowchart. 
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Table 2 Proportions of raw materials for special unsaturated polyester molding compound 
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Table 3 Special unsaturated polyester molding compound production process conditions 
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Table 5 
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Description: Attached Drawings 
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